INTRODUCTION
Periodontal diseases are ubiquitous, affecting all dentate animals. Among various periodontal disease affecting humans, the most prevalent is gingivitis, affecting more than 90% of the population, regardless of age, sex, or race. [1] Dental plaque is a sticky fi lm of invisible layer of bacteria that hangs around the gums, tongue, teeth, and other dental restorations. Plaque if not removed regularly, leads to tooth and periodontal disease which eventually leads to tooth loss.
Gingivitis is a chronic infl ammatory process limited to gingiva. It is defi ned as infl ammation of the gingiva in which the junctional epithelium remains attached to the tooth at its origin level. The prevention of gingivitis by daily and effective supragingival plaque control is necessary to arrest its progression into periodontitis. [2] Although mechanical plaque control methods have the potential to maintain adequate levels of oral hygiene, clinical experience and population-based studies have shown that such methods are not being employed as accurately as they should be by a large number of people. Therefore, several chemotherapeutic agents have been developed to control bacterial plaque, aiming at improving the effi cacy of daily hygiene control measures.
The interest in plants with antibacterial and antiinfl ammatory activities has increased to overcome the consequence of current problems associated with the wide-scale misuse of chemotherapeutic agents that induce microbial drug resistance. [1] Various natural products like Astronium urundeuva, calendula, aloe vera, Curcuma zedoaria, and other herbs that had been used effectively since ages in Ayurveda are revisited and are
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Punica granatum (family Punicaceae), generally known as "pomegranate," is a shrub or small tree native to Asia where several of its parts have been used as an astringent, and for hemostatic as well as diabetic control. The fruit of this tree is used for the treatment of throat infections, coughs, and fever due to its anti-infl ammatory properties. [1] In a study evaluating the effects of pomegranate on gingivitis, Pereira and Sampaio [3] showed a signifi cant reduction in gingival bleeding after using a dentifrice containing the pomegranate extract. Yet in another similar study with a control group by Salgado et al., [1] the effect of a gel with a pomegranate extract was tested on a group with experimental gingivitis which hardly mimics the naturally occurring gingivitis.
Therefore, the purpose of the present study was to compare and evaluate the effi cacy of a gel containing the pomegranate extract in plaque formation in comparison to a control formulation and to evaluate the effect of the pomegranate gel on clinical parameters of naturally developed gingivitis.
MATERIALS AND METHODS

Preparation of the pomegranate extract gel
Fresh pomegranates were obtained and their seeds were separated and ground into fi ne juice in an electric grinder. The concentrated extract was obtained through direct percolation by fi ltering the juice in a Buckner funnel through a fi lter paper. At this stage, a control gel was prepared by dissolving 5 g of carboxymethyl cellulose in 100 ml of distilled water and stirring it gently for 15 min until a gel of consistency (0.05%) convenient for usage, as the orabase gel, is obtained. Similarly, the test gel was prepared by dissolving 5 g of carboxymethyl cellulose in 100 ml of the concentrated extract of pomegranate juice. A very small amount of methyl paraben (2 mg) was added as a preservative to both test and control gels. The control gel had the same formulation except for the pomegranate extract.
Analysis
A densitometric high-performance thin layer chromatography analysis was performed for the development of the characteristic fi nger printing profi le. The extract of the fruit was mixed with high-performance liquid chromatography grade methanol. The solution was centrifuged for 5 min and used for high-performance thin layer chromatography analysis. Then, 2 l of the samples were loaded in the form of bands of width 7 mm in the 10 × 10 silica gel 60F254 thin layer chromatography plate using the Hamilton syringe and Camag Linomat 5 instrument. The sample-loaded plate was kept in the thin layer chromatography twin trough developing chamber (after saturation with solvent vapor) with the respective mobile phase (toluene-acetone-formic acid 4.5:4.5:1) up to 90 mm. The developed plate was dried using hot air to evaporate solvents from the plate. Then the peak display was identifi ed, and is shown in Figure 1 .
Test and control gels
Control and experimental gels were formulated and packed into small plastic containers for delivery to patients and it was made sure that volunteers were unaware about the content of the gel. All volunteers were delivered fresh samples of gels suffi cient for the 7-day usage on their periodic recall visits. The volunteers were instructed to massage the provided gel onto their gums twice daily, morning and night, for 3-5 minutes. No other oral hygiene instructions were given to the volunteers and they were asked to follow their routine oral hygiene method. Gels were delivered during fi rst two visits only to check the sustainability of the product on consecutive visits.
Subjects
A total of 40 patients (17 males and 23 females aged 20-45 years with chronic generalized gingivitis from the outpatient department of periodontics, Sri Hasanamba Dental College and Hospital, Hassan, Karnataka, India) were enrolled for this study based on inclusion and exclusion criteria.
All subjects had at least 24 natural teeth, were apparently healthy, and had clinical signs of gingivitis. All patients were informed about the nature of the study and signed the informed consent form in compliance with the study guidelines. Patients with a probing depth of ≥4 mm in any tooth, history of antibiotic coverage in last 6 months preceding the study or on long-term exposure to anti-infl ammatory drugs, and history of periodontal therapy including oral prophylaxis in the last 6 months, and also smokers, pregnant women, and those who were allergic to the pomegranate fruit were excluded from the study.
Clinical study design
This study was a randomized, and intragroup comparisons of four groups of patients in four experimental phases of 7 day each for 21 days were done. The patients were randomly divided into 4 groups of 10 in each:
• Group A: Patients received scaling and root planning (SRP) and were delivered a gel containing the pomegranate extract. • Group B: Patients received SRP and were delivered the placebo gel.
• Group C: Patients did not receive any basic therapy but were delivered a pomegranate gel • Group D: Patients did not receive any therapy and were delivered a placebo gel for application.
During each visit of the 21-day experimental period, that is on baseline, day 7, day 14, and day 21, the plaque index (PI), gingival index (GI), and papillary bleeding index (PBI) were recorded and plaque samples were collected using sterile probes on one particular surface for each patient; fresh samples of the gel suffi cient for usage for next 7 days were delivered.
Microbiological analysis
Collected plaque samples were transferred and spread onto two clean, sterile microscopic slides, and were stained with Gram's stain. Stained slides were used to make a reliable semiquantitative assessment of morphologically different types of bacteria. Each slide was examined with a bright-fi eld microscope at ×100 magnifi cation. Visible bacteria were counted in fi ve randomly selected microscopic fi elds.
The microbiological status was coded in grades as below:
• <5 organisms -+ • 5-10 organisms -++ • 10-20 organisms -+++ • >20 organisms -++++.
Statistical analysis
For the recorded PI (Silness and Loe) [15] , GI (Loe and Silness) [16] and PBI (Mulhemann) [17] , intragroup comparisons were done using paired t-test or Wilcoxon's signed rank test between baseline and day 21, and intergroup comparisons were done by one-way ANOVA followed by Duncan's range test. For groupwise comparisons, Kruskal-Wallis ANOVA was done followed by the Mann-Whitney test. For all the tests, a P value of 0.05 or less was considered for statistical signifi cance. For microbiological analysis results, Wilcoxon's signed rank test was used for intragroup comparisons followed by the Mann-Whitney test and Kruskal-Wallis ANOVA for intergroup comparisons. The comparison of the microbial status between different groups was analyzed using the Chi-square test.
Results were expressed as means±SDs and median values whenever required. Clinical parameters were analyzed by parametric tests and microbiological parameters by nonparametric methods. A P value of 0.05 or less was considered for statistical signifi cance.
RESULTS
All 40 patients completed the clinical trial. The experimental gel had good acceptance and did not show adverse effects, such as ulceration or allergic reactions.
On the baseline, all group individuals had signifi cantly higher plaque scores. Control and experimental groups A and B showed statistically signifi cant differences with respect to PI, GI, and PBI [ Table 1 ] from the baseline to day 21 whereas the groups which were treated with gels without SRP (groups C and D) did not show this difference.
But the difference between these respective groups at the end of the experimental period was statistically signifi cant only with respect to the PBI. The rest of the groups did not show a statistically signifi cant difference.
With respect to the microbiological results [ Tables 2], there was a statistically signifi cant difference in the values of Gram-negative cocci and bacilli in the groups which used the pomegranate extract both with and without SRP whereas with respect to Gram-positive cocci and bacilli, this difference was not seen between the groups.
DISCUSSION
Plaque is the main agent responsible for the breakdown of periodontal tissues leading to periodontal disease. The removal of this plaque regularly is of paramount importance in the prevention of periodontal disease.
The inability of the adult population to perform adequate mechanical tooth cleaning has stimulated the search for chemotherapeutic agents added to dentifrices to improve plaque control and prevent gingivitis. [4] So various means have been established and search is going on to reduce the bacterial load. Herbal products are one group of agents which has been used extensively in reducing the bacterial population. Phytotherapeutic products have been investigated with these purposes and have shown satisfactory results. [5] [6] [7] This made us to evaluate the effi cacy of P. granatum as an antiplaque agent.
The antibacterial activity of P. granatum has been evaluated in previous studies with good results. Trivedi and Kazmi, [8] using extracts of fruit barks, have observed an antibacterial activity against Bacillus anthracis and Vibrio cholerae while Machado et al. [9] showed a similar effect against Staphylococcus aureus, in agreement with Prashant and Asha. [10] All the above-mentioned studies had used either the bark or the leaves of the P. granatum tree or were tried and tested on only one particular group of organism. This made us to take up this study which fi nds the effi cacy of the fruit extract in preventing plaque and also its effect on morphotypes of organisms which gives an overall view of its effect on plaque organisms as established in Goodson's work where he has distinguished the presence of morphotypes of organisms under different conditions. On the basis of this work, analysis of the P. granatum fruit extract in morphotypes of plaque bacteria was also made.
Considering that fl avoring agents can promote a moderate antiplaque affect [4] and contents of test and control gels were different only with respect to the presence of the pomegranate extract, results show that this agent did not have an additional effect in reducing plaque formation and signs of gingivitis unless it was supplemented with basic therapy. These data are not in agreement with those of a previous in vitro study by Periera et al. [11] which showed that a bacterial strain present in supragingival plaque, namely, Streptococcus sanguis, was sensitive to different concentrations of the pomegranate extract, which demonstrated an inhibitory action similar to that of chlorhexidine. It should be highlighted, however, that in vitro studies do not reproduce exactly the oral conditions.
In the present study, the pomegranate extract gel did not avoid plaque formation during the trial, as suggested by Kakiuchi et al. [12] and Pereira et al. [11] but there was a signifi cant reduction in the plaque score compared to the group which used the placebo gel. Possible explanation for this effect is the antibacterial agents present in pomegranate -hydrolysable tannins -that form complexes of a high molecular weight with soluble proteins, increase bacterial lysis, and moreover interfere with bacterial adherence mechanisms on tooth surfaces. [9, 12, 13] This study showed a signifi cant difference in PBIs between experimental and control groups. These results are consistent with those reported by Pereira and Sampanio, [3] who showed a signifi cant reduction in gingivitis using the dentifrice containing the pomegranate extract. Nevertheless, it is noteworthy that a control group was not included in that study, which had not allowed the assessment of the actual gingivitis reduction rate related exclusively to mechanical plaque control.
According to Ross et al. [14] the anti-infl ammatory effect of pomegranate may be attributed to its considerable immunoregulatory activity over macrophages and T-and B-lymphocyte subsets. The score used in this study only evaluates the presence or absence of bleeding; it does not allow the assessment of other characteristics of the infl ammatory process, such as edema, changes in gingival contour, and loss of tissue attachment. Therefore, the possible effect of the P. granatum extract on controlling the severity of gingivitis is not very clear.
Microbiological data showing unaltered values of Grampositive cocci and bacilli suggest that the pomegranate extract might have had no effect on the natural habitats of the oral cavity as it's a natural product unlike chemotherapeutic agents which alongside being bactericidal to pathogenic fl ora also disrupt the normal fl ora of the oral cavity. But the reduction in the counts of Gram-negative bacilli and cocci in the groups which used the pomegranate extract in comparison to the group using the control gel suggests that it might have had some bactericidal activity on these pathogenic species.
The use of carboxymethyl cellulose as the carrier for the pomegranate extract has proved to be effi cient in improving the gingival condition as carboxymethyl which is a commonly used orabase gel has signifi cant sustainability on the oral tissues.
Though the difference between the groups with the pomegranate extract with respect to the GI and PI is not statistically signifi cant, clinical conditions showed considerable difference from the groups which used the control gel.
The group which was treated without SRP did not show any statistically signifi cant difference between the groups which used pomegranate and control gel showing that the pomegranate extract on itself would not be so very effective in treating gingival disease without the basic therapy. So the basic therapy remains the gold standard for the treatment of the periodontal therapy.
Due to the lack of clinical trials with a similar design investigating the effect of pomegranate on gingivitis, the data of this study were evaluated by parallel inferences, taken off from nonspecialized articles. Therefore, more clinical trials with a similar design using different concentrations of pomegranate are necessary to verify its action upon plaque microfl ora in vivo and severity of gingivitis. Further research will be needed to identify the real benefi ts of pomegranate as a therapeutic and preventive agent for gingivitis, in addition to its common use in popular medicine.
CONCLUSION
Within the limits of this clinical study, it can be concluded that the gel containing pomegranate extract was effi cient in treating gingivitis when used along with mechanical cleaning in controlling plaque and gingivitis.
